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Introduction
The objective of the Montana Renewable Resource Development Action Plan (MRRDAP) is to consider Policy, Planning, and Operational concerns with the integration of new renewable resources in Montana to the interconnected transmission system.  While there are transmission interconnections between Montana and its neighbors to the north, east, and south, the primary focus of the MRRDAP has been to focus on how to integrate those new resources while taking advantage of the existing transmission facilities which support high transfers of energy from Montana to the Northwest.  
In advance of consideration of the specifics of how new renewable resources might be integrated, it seems beneficial to explore some of the issues and interests of how the existing transmission system developed and to discuss needs of the transmission system generically independent of looking at the addition of new resources.  The intent of this paper is to give some perspective, not detailed, but very high level, on the issues and concerns of the existing system.  It is hoped that this background may be helpful in highlighting how the transmission system might change going forward – both from the retirement of much, if not all, of the coal fired generation in Montana as well as how the resources that come onto the transmission system will be integrated into  larger transmission system.
Historical Background
The transmission system in Montana has been planned, constructed, and built to meet reliable service to customers as well as to support the export of generation surplus (based largely on the coal fired generation at Colstrip) to the Pacific Northwest.  (There are additional connections to the north, east, and south of Montana which are not directly addressed in this discussion.)  Montana has had the luxury of being a generation surplus region.  Montana has been able to insulate itself from concerns over acquiring resources remote from the state.
The capacity of the transmission system, comprised of many “linear” facilities (including transmission lines, transformers, and substations), must be able to meet the full range of Montana customer loads as well as support the simultaneous export obligations.  The transmission system is planned, constructed, and operated to reliably meet that full range of committed uses.  Two of the conditions that merit discussion include:
Maximum load, with high export:  Since Montana is a resource surplus region with committed obligations for export, one stress consideration is when the loads in the region are at a maximum.  During these times – typically for heavy load hours of winter load service – the loads “consume” enough of the generation produced within Montana before it is exported out of the region such that maximum export levels may not be achievable. 
Maximum export, light load:  In order to realize the maximum flows on the export facilities, light load periods (such as in the nighttime hours in Spring) with high runoff to “fuel” available hydro generation combined with high generation from Colstrip (and other base-loaded generation).
Ability of the Existing Transmission to Serve Load
There is an important distinction when considering whether there are adequate resources to provide energy and capacity to meet the obligations to serve load and support committed exports are adequate compared to whether there is adequate transmission system to meet those same obligations. Resources serving the end users of the system must have “fuel” (water, wind, coal, gas, etc.) available and a specific decision must be made to dispatch each resource; if there are more generation resources available than there is end use load, any “surplus” generation will be “dispatched” off.  By contrast, the transmission facilities are inherently in place and assumed to be available for service.  Since the transmission system capacity must be capable of serving the highest level of obligation – generally for peak loads combined with simultaneous export of committed resources, there is “excess” or latent capacity in the transmission system during periods of lighter system uses.
Impact from Retirement of Coal Fired Generation
Since these linear facilities would still be in place (without speaking to commercial or contractual possibilities to remove facilities “dedicated” for export) in the event of retirement of the coal fired generation at Colstrip, the simplest presumption would be that the transmission system would be adequate to continue the meet reliable load service to customers in Montana.  As the generation is removed from the system (but not replaced), the corresponding transfers would also reduce; ideally, no other mitigation would be needed since the transmission capacity still remains.
Two noteworthy exceptions need to be considered in such retirement scenarios.  First, the transmission system design needs to assess system without the generation in place.  That performance will be most sensitive for loads that are electrically close to the generation being removed.  Second, generation on the system provides the added benefit of providing improved voltage regulation for service to loads that are in close electrical proximity to the generation; if those generation resources are no longer available, there could be mitigation needed (before even considering whether there are resources to replace the generation removed) – such as the addition of switched capacitors, switched reactors, or variable reactive devices – in order to ensure proper voltage regulation.  While not cheap, these reactive additions are generally much less expensive than additional linear facilities.
Relying on Generation Resources to Provide Voltage Regulation
As noted above, there are separate decisions made about what resources will dispatch for any given time period.  Transmission studies must make assumptions about which resources will be available to provide needed voltage regulation (in addition to providing the energy to serve load).
Historically, resource planners would make the decision to add resources to meet load obligations both in the form of capacity as well as for energy (balancing fuel costs and opportunities).  Utilities would generally make the commitment to proceed with resource procurement with the intent of meeting peak loads.  For transmission planning purposes, hydro resources would be assumed to provide the ability to meet load service under peak conditions (while also allowing for seasonal fluctuations in the supply of water).  Similarly, transmission planning to meet service to load would look at the capacity available from steam resources such as nuclear, coal, or combined cycle gas plants are assumed to be “base loaded,” that is they would be assumed to be on-line and available (or a significant portion of their output) to meet the peak loads.  
With the more prominent use of intermittent resources such as wind or solar, the fleet of resources available to meet the load obligations has shifted.  The commitment to proceed with resource acquisition has shifted to focus on the energy costs of the resource (both for required renewable energy mandates as well as for reduced energy costs afforded by renewable resources).  For transmission planning, some very different assumptions need to be made about whether those resources will be available to provide voltage regulation – particularly during peak load conditions.  Typical transmission planning practice would generally consider these resources either as being dispatched on to meet load or being unavailable to meet peak loads.  The system must be able to reliably support service to the loads for both possibilities. Additional reactive support – typically in the form of switched shunt capacitors – may be required to augment the system reactive capability during peak load periods when the intermittent resources may not be available.

Replacement of Coal Fired Generation
· Primary interest from the MRRDAP effort
· Existing studies and Stigers paper indicate that it is feasible to replace generation retired at Colstrip on a one for one basis…  Consistent finding in that the linear transmission facilities are largely indifferent to the type of generation that is flowing.  Location and size of interconnecting resources more critical.
· Sub Synchronous Resonance (SSR) considerations will be considered.
· The Montana system is essentially radial to the remainder of the WECC Interconnection (two 500 kV lines combined with “lesser” capacity, phase shifted connections to the north, east, and south).  Stability is and will continue to be a critical design consideration.
· RAS requirement to support export – not for load service – past, present, and future (supported by existing studies and Stigers paper). It is anticipated that suitable RAS designs will be implemented in time to facilitate the integration of replacement resources.
· Generation Interconnection requirements. RAS, interconnecting lines and substations  (Voltage regulation opportunities?)
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